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INTRODUCTION o, R
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THE CBM EXPERIMENT

Silicon
Tracking
Stations

MVD: investigate open charm production
STS: vertex reconstruction, tracking, momentum determination

ECAL: direct photons

TOF: hadron identification TRD: electron identification
TRD: tracking RICH: electron identification
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pion rejection factor of > 104




THE CBM-RICH DETECTOR: MISSION TO CONCEPT e[ Teei™

goo4 - MISSION :
0.035(% > et E g
0_0351 /@ D et - Efficient and clean electron identification with momenta .
0.025} H‘;m ' | below 8GeV/c g
0.02} - i
0015 \WWM | PHILOSOPHY ;
TAN ", . Build a stable, robust and fast focusing RICH detector ¢
0005 k [ . relying to a large extend on components from indust :
0 "‘5"'1%5 relying to a larg P ry.

PiGevil  CHALLENGES
= o Interaction rates up to 10 MHz — up to 700kHz/pixel

# . RICH behind STS — secondary e* — high ring density
= . High track densities — problem of ring-track mismatches
& . Photon detector plane faces:

« Energy density < 3krad/year

« Neutron fluency < 3-10" n-eg/cm?/year

o Magnetic field = 25 mT

CONCEPT —» causing gain deterioration

« Gaseous radiator.
o Multi-anode Photomultiplier Tubes (MAPMT).
¢ Focusing mirror system.
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RAD'ATOR Rlcr&Lg:\gggEﬁlTﬂ
Aerogil %

n-1 [10%] 300 3
Pin(€) [GeV] 0.002 %
Pn(7) [GeV] 0.57 %

V]

« To separate electrons from pions we need a gas radiator! :

o Nitrogen seems to be the best choice ... but

Radiator Full length Mirror radius  Mirror size Photo No. of
length detector size channels

1.76m 2.1m 3m 11.8m? 3.7m? 55k

2.5m 2.9m 22.8m? 9m?2 plelels
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N, Aerogil %

n-1 [104]  2.98 300 °
Pm(e) [GeV] 0.02 0.002 é
py(m) [GeV]  5.72 0.57 :
0

« To separate electrons from pions we need a gas radiator! :

o Nitrogen seems to be the best choice ... but

Radiator Full length Mirror radius  Mirror size Photo No. of
length detector size channels

1.76m 2.1m 3m 11.8m? 3.7m? 55k

2.5m 2.9m 22.8m? 9m?2 plelels

-y
... due to costs and place reasons: | CO, is chosen fa’%" ) et 300 .
) COZ’ Yinh = 33 : §
© Prin= 4.76 GeV/c c' /“"ﬂg“ K IIQ‘/ é
o V=30 m3 0
« Length=1.7 m F‘ q.ga,/ (’ e |




PHOTON DETECTOR BY

FOUR MAIN PROPERTIES:

o Quantum efficiency (QE)

« Single photon detection

o Crosstalk

o Tolerance of magnetic field

* WORMS, GERMANY ¢15.10.2014

HAMAMATSU: Multi-anode Photomultiplier Tubes (MAPMT);

« H8500: borosilicate glass and Bialkali cathode, 12-dynodes. (52x52 mm?, 8x8 pixel)
« H10966: H8500 - Super-Bialkali cathode, 8-dynodes. (52x52 mm?2, 8x8 pixel)
¢ R11265: - Super-Bialkali cathode, 12-dynodes. (26x26 mm?, 4x4 pixel)

¢ H12700: based on H8500, with dynode structure of R11265.

PHOTONIS: Micro Channel Plate (MCP)
« XP85012: quartz glass and Bialkali cathode. (59x59 mm?, 8x8 pixel)
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PHOTON DETECTOR: QUANTUM EFFICIENCY i | DEEE™

FOUR MAIN PROPERTIES:

¢ Quantum efficiency (QE)

e Single photon detection

o Crosstalk

o Tolerance of magnetic field

Quantum efficiency in \%
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30 o JAR
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T T T T T T
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H10966A-103 +—&—

both SBA + UV-glass
: : Cherenkov spectrum

H8500
by H10966
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200
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Og 20 l"' 1-2 *% J_T i\
‘qgj 15 b‘\}\kj_\+~+j
§ /
10 FHiA
0 S ¢

4
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Wavelength [nm]
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800

MCP shows a better QE especially at
lower wavelength, where the most
Cherenkov photons are emitted.
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PHOTON DETECTOR: SINGLE PHOTON & CROSSTALK e D™

FOUR MAIN PROPERTIES:

o Quantum efficiency (QE)

e Single photon detection

e Crosstalk

o Tolerance of magnetic field

. Complete spectrum * Comy spectrum *+ i<1 Oo Complete spectrum
80000~ Without Ik (prelimina i Without crosstalk (preliminary) F Without crosstalk (preliminary)
8000 250;
C Without crosstalk (preliminary), scaled
60000~ L o
6000/ 200 :
amamatsu H8500 L Hamamatsu R11265 F Photonis XP 85012
L 1501 10000
4 L [
0000 40005 r
i L 100}~
20000 i F 5000
2000— =
50—
0 P . . | . . . N 07 L . L | . . . . 0’ | . h L 8
0 500 1000 1500 0 500 1000 1500 0 500 1000 1500

ADC value ADC value ADC value

o Peak at 0 due to crosstalk

o Shape of R11265 spectra with and without crosstalk suppression almost Identical.
o Crosstalk in R11265 is less than H8500.

o XP85012 MCPs show significantly high crosstalk.

¢ MAPMTs of Hamamatsu show a better single photon detection capability.
e PMTs with SBA and 12 dynodes show almost no crosstalk.
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PHOTON DETECTOR: MAGNETIC FIELD TOLERANCE e Doi™

HAMAMATSU: H8500, 12 stages, BA: Problems in magnetic field 5
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PHOTON DETECTOR: HAMAMATSU'S NEW DEVELOPMENT| D™

H8500 H12700

HAMAMATSU: Multi-anode Photomultiplier Tubes (MAPMT);
« H8500: borosilicate glass and Bialkali cathode, 12-dynodes.
« R11265: -> Super-Bialkali cathode, 12-dynodes.

e H12700: based on H8500, with dynode
structure of R11265. Also with blue-shifted
cathode
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PROPERTIES: g
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PHOTON DETECTOR: HAMAMATSU'S NEW DEVELOPMENT| D™

W[ _H8500 | [ H12700

HAMAMATSU: Multi-anode Photomultiplier Tubes (MAPMT);
« H8500: borosilicate glass and Bialkali cathode, 12-dynodes.
« R11265: -> Super-Bialkali cathode, 12-dynodes.

e H12700: based on H8500, with dynode
structure of R11265. Also with blue-shifted

cathode

PROPERTIES:
¢ Significantly improved single photon spectrum.
¢ Higher quantum efficiency.

40— T T L D B B L L
i —s— H8500D (2012)
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PHOTON DETECTOR: HAMAMATSU’S NEW DEVELQPME.

W[ _H8500 | [ H12700

HAMAMATSU: Multi-anode Photomultiplier Tubes (MAPMT);
« H8500: borosilicate glass and Bialkali cathode, 12-dynodes.
« R11265: -> Super-Bialkali cathode, 12-dynodes.

e H12700: based on H8500, with dynode
structure of R11265. Also with blue-shifted

cathode

PROPERTIES:
¢ Significantly improved single photon spectrum.
¢ Higher quantum efficiency.
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PHOTON DETECTOR: HAMAMATSU’S NEW DEVELQPME.

“| H8500 H12700

HAMAMATSU: Multi-anode Photomultiplier Tubes (MAPMT);
« H8500: borosilicate glass and Bialkali cathode, 12-dynodes.
« R11265: -> Super-Bialkali cathode, 12-dynodes.

e H12700: based on H8500, with dynode
structure of R11265. Also with blue-shifted

cathode

PROPERTIES:
¢ Significantly improved single photon spectrum.
¢ Higher quantum efficiency.
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THE MIRROR SYSTEM | R

Homogeneity: Influences the photons distribution - ring fitting performance
6 mm

6 mm

¢ D, is @a measure of the mirror homogeneity.

¢ It is the diameter of a circle containing 95% of reflected light and being emitted
through a point source.

¢ Required is a Dy<=3mm.
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JUSTUS-LIEBIG-

THE MIRROR SYSTEM oY

Homogeneity: Influences the photons distribution - ring fitting performance

6 mm
JLO OLOMOUC

6 mm

Required is a Dy<=3mm.

Reflectivity: Influences the number of photons - ring quality
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100 , , , , | o Compas: <80%

: o ¢ Flabeg: >90% (A>270nm)
T s ol Ao Poees ~60% (A=160nm)
S [ | e OLOMOUC: =85% (A>200nm)
i a i ~80% (A<200nm)

g 70r / —o— Flabeg (CERN) T
& 60'_/ e reem (CERN) 11 Mirrors from OLOMOUC are considered
J —n— Flabeg (WU)
i Compas (WU) I |« SIMAX-glass, Al+MgF,
50 - - o~ JLO (WU) 17 |[¢eR=3m,d<6mm
- - o- JLO (JLO) | ;
40 . . . , | «11.8m
200 300 400 + Tiles of 40x40 cm?

Wavelength 2 [nm]



THE RICH PROTOTYPE I

A \5:10 =

1499 .28

©
i 5

’ il Radiator:

.2 m

Photon detector
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Laterally scaled prototype



THE RICH PROTOTYPE e

Simulation Data Single Event 4 17:46:37 §
?oo F(X,y,r,n):(152, 52.3,45.8, 33) snmsem 0 9'
A N F(x.y.a,b,p,n):(151, 52.3,46.4, 45,1.32, 3" L0 0
@ g L osé % > E 2::: gi >..
. q 2 "% u L bs 8 160— Integral 33 z
& s A T [ ol Seemrome || L
o0 60:— I 06 :_ 0 ] [} 5
® P . . 12 B o
° 3 o g 100F- ¥
[ 2 20i || 02 30:_ E

C ] L C
o o .. : % w JUJB‘U o ° 0O 2 4 6 8 10 12 14 16 18 602— g
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. e _ e 1 - T2 :
“EE-I'-!--;l ;%/ \éi_ 00- 180 200 §
-ALEANFIL | ! - Swm
a2 N e - LB = B o
JEIEEANIT
S rr 1 Lodl, u T
wF H N s . - . | w
Tl Ll L. ;
K & 4 2 0 2 a B 8 E x-pos (pixel) e s xj:)os1?pi):esl) '_°| I I I I I I I I I %
O\ 1]
0 T O
¢ Qualitative agreement between simulation and data. W 1 5
¢ High performance of ring finding and fitting 50 z
- 100% efficiency for number of hits above 6. i 'I' _ §
b3
o Total “dark rate” ~5500 Hz from 1024 channels I I %Iz
- Below 10 Hz/pixel in most of channels ) L o °
0 20 40 60 2

Nof hits in event



THE RICH PROTOTYPE: N-HITS e

Simulation Data
Eo.ogé— I
E 1000—
oosf- u=27.2 +4.36 .
0.07F 0=4.33+3.00 800 —
- - T
006F- - n(T,p)=1+(n,-1)s-2e 2
o.osi— 600~ Po T
0.04 i
- 400
3 - Data = 0.867 « MC
0.02f 200 —
o.m;— i
S m o e e e o e I T T R I T i AR
Number of true hits per ring photoslectrons per e-ing
T=273 K, p=1 bar T=293 K, p=0.96 bar
Collection eff. =100% Collection eff. =60%"?
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THE RICH PROTOTYPE: N-HITS

Simulation

u=27.2 +4.36
007 0=4.33+3.00
0.06
0.05
0.04
0.03
0.02

0.01

§

o_IIIlllllllll||Illlll‘lllllllllllllllllllllllllll

40 I
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Data

1000

800

600

400

200

IIIIIII}IIIlIIIlIIIlIJ
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Collection eff. =60%7?

Wavelength Shifting Films: p-Terphenyl

WLS Hit/ring MC Gain
27.2
31.9

23.6
28.0

no

18.1%
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Hit/ring Data

Gain Hit/ring MC/Data
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dN/dA
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Simulation T=273 K, p=1 bar

wisoo — —radius: e e , , _
[0 N s
= - a-axis: e ; i H :
"51600 ... . ) J-E ......... ............ ............
G [ |—radiusim |5 g 0
1400 e[ = a-aXIS Tt . ............ \ , ............ . ............
1200 |- : : : ' ' A :

800

600

400

200

2 25 3 3.5 4 4.5 5 5.5 6
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THE RICH PROTOTYPE: RING RADIUS ]

Data T=293 K, p=0.96 bar

L I B S s s B By B S B By E B B Sy B S S e |

entries

18000
r,=(36.3+1.1) mm
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12000
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P B L PR T S ST R ST S S
50 55 60
ring radius (mm)

r.= (4.56+0.610.11) cm
r_= (3.63+1.1+0.09) cm
dey > 70,

N2
o
N
a
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o
w
a
N
o
N
[

eTr

Pressure and temperature
correction

r(n)=Letan0, =L tan(arccos ! )
n

— *
- 1n,c=1.04"r,,,.,

One finds: r,=1.05%r,,,
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THE RICH PROTOTYPE: PION SUPPRESSION FACTOR ey T&5E™

Simulation Data
simulation p,T corrected . .
g B0 0 g 80p e g 10 9o V@ry good qualitative
£ 70- I g S I £ agreement between data
R T4 Bet ] and simulations is
= st 2 310 Sl © E observed.
| ——=| < Wider distribution in ring
ol e ok il (y-) direction because of
o "R = © &' muons.
1ol ] 1o
Opegresgg g O
momentum in GeV/c momentum in GeV/c
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THE RICH PROTOTYPE: PION SUPPRESSION FACTOR ey T&5E™

Simulation Data §
simulation p,T corrected . . 9

g BT g 8 10 g9 VETy good qualitative f
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2 10 2 ] . . . 2
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. | . . . . ) ; T
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: 10 5 T, 1410° ¥
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THE RICH PROTOTYPE: OTHER TESTS

GAS SYSTEM

« Provides pure CO, gas

e Constant over pressure of 2 mbar.
o Determine impurity tolerances

cBM JUSTUS-LIEBIG-
T UNIVERSITAT
R|-:|-[)-l GIESSEN

Main control | System parameters | Alarms | Database | DAQ32 | About |

MIRROR DISPLACEMENT

« Deteriorate the resolution of ring fit >
« Determine displacement tolerances

NEW ELECTRONICS
« Compact with good time resolution

AZgoix

Using standard
components

P

/17 . g
(p18) _N_ N N
{ (p1-2) (PI2) VAR
—/ V3 ~ svar (v/ %—
962.7mb H,0 < 151 5mbar € BPCVI\_/ o
461.7ppm = 9 £
0, %ﬁﬁ- L 5
™ HE KN 5 2
X 75.0ppm i P Fﬂ b3
© E [\ b
//.\ /AN @ LC1
Ticz
\\Fn‘\/ i 1\/2 1slpm i} N A
( \
NN — F2r) Pry\Pisy
/ o _ o 0.8mbar
o 3 Q SV7
> > : =
" " — —
—(Pi1) %’"3/\‘ 2.0mbar \PT-4/ B4
N _ == svo
(pT1) = RICH
S R’ 2942k (TT- Bubbler
Ay ]
>

iy

pls

sv8

Lattice
65ch TDC
& -+ backend

Power supply
itching regulators

)

NEXT BEAM TIME (Nov14)

« Test new PMTs

« Test updated new electronics
« Test mirror alignment system
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PHYSICS PERFORMANCE

25 AGeV: 200k events ~8 sek of beamtime

5 107 — -nnn 5 102 —
= _31 Al e*e w->7r°e+e' S/BG > 1 3 All e*e- w->7r°e+ef
1075 = w>ete- 0 § w >ete" i
) _4 L 10 _>e+e- _
10 ! 10 '”‘mm o >e*e 1
10° 10° Wr“q_ _
Nl
10-6 0-6 1. L [
107 -n-n
108 I S/BG T
0 0.5 1 1.5 2 Y 0.5 1 1.5 2

M,, [GeV/c?]

25 AGeV:

(,thick® 1% int. length target)
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¢ Mass resolution: 13.6 MeV (w) and 44 MeV (JAp) s
o LMVM spectra for SIS100 show similar quality
¢ Jp in central pAu at 30GeV with S/B=1.25
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CONCLUSION

o RICH is essential for the CBM experiment at SIS100 &
SIS300.

environment.
¢ Individual components tested and chosen.
o Concept verified through a real dimension prototype.

o Simulation under realistic conditions show very promising
physics performance.

o TDR is approved.

¢ Next:

o Clarify some open issues: readout electronics, geometry
optimisation, mirror alignment controlling system.

o Start building the detector.
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A concept has been established to cope with the CBM (FAIR)
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NEW ELECTRONICS
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THE RADIATOR
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MIRROR DISPLACEMENT
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AZpyx vy < 0.35 mm (ayyy < 1 mrad) is tolerable
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WLS COATING — SBA PHOTOCATHODE

MAPMTs for beam time — QE
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expectation: 17% more hits with WLS coating
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THE RICH CONCEPT: MIRROR N

Homogeneity: Influences the photons distribution = ring fitting performance

Reflectivity: Influences the number of photons - ring quality
mirror

Point source

A

CCD

A

radius of curvature

Homogeneity:

« D, as a measure of the mirror homogeneity.

« Reflect a point-like source on the mirror and record its image.

« |[deally the image is also point-like. In Reality, inhomogeneity causes a non-
homogenous spot (picture).

« D, is the diameter, of a circle, which contains 95% of the reflected light
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